Abbreviations & Acronyms ASB = asymptomatic bacteriuria CFU = colony-forming units HPF = high-powered field IQR = interquartile range LR = logistic regression NPV = negative predictive value OR = odds ratio PPV = positive predictive value RBC = red blood cell UA = urinalysis UCx = urine culture UM = urine microscopy UTI = urinary tract infection VA = Veterans Affairs WBC = white blood cell Objectives: To evaluate the performance characteristics of urinalysis and urine microscopy parameters for predicting urine culture results and to implement a reflex urine culture program. Methods: We reviewed the charts of all patients presenting to our clinic JanuaryMarch 2013 and June-August 2014, excluding those who were catheter-dependent or with urinary diversions. We assessed the association of urinalysis and urine microscopy parameters on urine culture outcomes defining a positive urinalysis as nitrite-positive and/or the presence of ≥5 white blood cells per high-powered field with bacteria and a positive urine culture as ≥10 000 colony-forming units/mL excluding diphtheroids. We carried out logistic regression to assess for predictors of positive urine culture to inform implementation of a reflex urine culture program. Results: A total of 2764 patients were evaluated. Logistic regression using urinalysis variables identified positive nitrites (odds ratio 18.6, P < 0.001) and large leukocyte esterase (odds ratio 41.8, P < 0.001) as the strongest predictors of positive urine culture. Logistic regression using urine microscopy variables identified >50 white blood cells per high-powered field (odds ratio 13.6, P < 0.001) and moderate/many bacteria (odds ratio 16.8, P < 0.001) as the strongest predictors of positive urine culture. We used our positive urinalysis definition to implement the reflex urine culture program and noted a 60% reduction in urine culture rates over the first 3 months of implementation. Conclusions: A urine positive for nitrites and/or ≥50 white blood cells per high powered field with bacteria seems to have a strong association with a positive urine culture and the best negative predictive value. A reflex urine culture program is an effective strategy to decrease the rates of unnecessary urine culture and their associated costs.
Introduction
UA and UCx are tests commonly carried out to evaluate patients for potential UTI. However, over testing and over treatment have resulted in more than $1.1 billion annual expenditure in the USA on unnecessary antibiotics, as estimated by the Centers for Disease Control and Prevention. 1 Therefore, there are several important driving forces aimed towards reducing potentially unnecessary urine testing. In fact, some institutions have adopted a strategy of reflex UCx testing in only select cases based on certain parameters from the UM (usually related to the presence of WBCs on UM). 2 Proponents of this strategy frequently cite a reported UCx negativity rate in the range of 60-80% for all samples submitted for culture, arguing that we might predict which patients will have a negative UCx from their UA and reduce the number of UCx obtained. 3 Fok et al. used UM (>5 WBCs per HPF) in male ambulatory urology patients to predict UCx results, and noted that with their cut point they could avoid 69% of all cultures while missing just 7% of positive UCx. 2 That study did not evaluate dipstick UA, and no study to our knowledge has combined the results of UA and UM to develop prediction models for UCx positivity.
A second major driving force aimed to reduce potentially unnecessary urine testing is efforts to improve antimicrobial stewardship. A positive UCx is not necessarily indicative of a UTI, but could be secondary to ASB. This is a major healthcare concern, as studies have documented that 20-83% of patients with ASB are treated unnecessarily with antibiotics. 4, 5 As a positive UCx has been shown to be a powerful stimulus for antibiotic prescribing, 6, 7 novel interventions have focused on strategies to reduce the ordering of inappropriate UCxs with the goal of reducing the treatment of ASB. 8 Therefore, reducing unnecessary UCx is imperative to promote antimicrobial stewardship and contain healthcare costs. Our objective was to evaluate the performance characteristics of UA and UM parameters for predicting UCx results, and to implement a reflex UCx program within our ambulatory urology clinic.
Methods
Before initiating the present analysis, we obtained approval from our institutional review board, and our local Veterans Affairs Office of Research and Development Committee. At the William S. Middleton Memorial Veterans Hospital urology clinic in Madison, Wisconsin, USA, we retrospectively reviewed the charts of all patients presenting to the clinic between January-March 2013 and June-August 2014. Two separate time-points were chosen to reduce the bias of secular trends. We excluded patients with indwelling catheters, urinary diversions or those carrying out clean intermittent catheterization. All urine was obtained by clean catch. Our primary outcome measures included the results of the UA, UM and UCx obtained at the time of the patients' clinic visit. We also assessed patient demographics, clinic type (new patient, return patient or procedure clinic) and patient presenting symptoms. A UA was considered positive if it was nitrite-positive and/or with the presence of ≥5 WBCs per HPF with any bacteria. A UCx was considered positive if it grew ≥10 4 CFU/mL excluding diphtheroids. Based on our analysis, we implemented a reflex UCx program within our clinic by working closely with the hospital laboratory. To create this reflex UCx program, we developed a protocol whereby an "abnormal" UA triggered an automatic UCx by predefined criteria, and a "normal" UA by predefined criteria resulted in no UCx.
Statistical analysis was carried out using Stata 14 (StataCorp, College Station, TX, USA). Comparison of medians was carried out using the Mann-Whitney U test. Fisher's exact and v 2 -tests were used for comparison of categorical variables. We assessed the association and performance characteristics of UA and UM parameters on UCx outcomes. We carried out multivariable LR to assess for independent predictors of positive UCx. A two-sided P-value of <0.05 was considered significant.
Results
A total of 2764 patients were seen at our clinic during the study time-period and were included in the cohort for analysis ( Table 1 ). The median age was 67.4 years (IQR 63.2-74.2 years), the majority of patients were men (97.5%) and 91.2% were white. On the day of the clinic visit, UA was obtained in 1785 (64.6%) patients, UM was obtained in 752 (27.2%) patients and UCx was obtained in 1562 (56.5%) patients. The UA was positive in 255 (9.2%) patients and the UCx was positive in 262 (9.5%) patients (Table S1 ). Those patients with a positive UCx were more likely to be older and returning to the clinic for follow up of urinary retention, benign prostatic hypertrophy or lower urinary tract symptoms. Women were more likely than men to have a positive UA, positive UCx (women 51.1% vs men 15.7%, P < 0.001), the presence of bacteria in the urine and the presence of squamous epithelial cells in the urine (Table S1 ). The association of UA and UM variables with UCx results is reported in Table 2 . As expected, there were strong associations between these variables and UCx results. Of the 255 patients with a positive UA, 143 (64.7%) had a positive UCx, whereas 78 (35.3%) had a negative UCx (P < 0.001). Of the 56 patients who had nitrite positivity, 52 (92.9%) had a positive UCx, whereas four (7.1%) had a negative UCx (P < 0.001). Of the 137 patients who had >25 WBCs per HPF on UM, 103 (75.2%) had a positive UCx, whereas 34 (24.8%) had a negative UCx (P < 0.001). Finally, of the 108 patients who had moderate amount of or many bacteria present on UM, 90 (83.3%) had a positive UCx, whereas 18 (16.7%) had a negative UCx (P < 0.001).
Our subset analysis of patients with positive UCx stratified by Gram positivity and CFU of bacteria per mL (10-100 000 vs >100 000) with their associations with UA and UM variables are reported in Table 3 . A UA was more likely to be positive in patients with Gram-negative organisms (n = 44, 69.8%) or CFU/mL >100 000 (n = 118, 82.5%) than those with Gram-positive organisms (n = 99, 50.2%) or CFU/mL 10-100 000 (n = 25, 17.5%, P < 0.001). In addition, nitrite positivity was more likely to be positive in patients with Gram-negative organisms (n = 27, 42.9%) or CFU/ mL >100 000 (n = 51, 98.1%) than those with Gram-positive organisms (n = 25, 12.7%) or CFU/mL 10-100 000 (n = 1, 1.9%, P < 0.001). Similar trends were noted for bacteriuria and urine WBCs on UM (Table 3) .
On multivariable LR analysis assessing for independent UA predictors of positive UCx, nitrite positivity (OR 18.6, 95% CI 5.9-59.3, P < 0.001) and large leukocyte esterase (OR 41.8, 95% CI 22.8-76.7, P < 0.001) were strong predictors of positive UCx (Table 4) . However, a UA positive for trace/small/moderate blood (OR 0.50, 95% CI 0.31-0.81, P = 0.004) or large blood (OR 0.29, 95% CI 0.14-0.59, P = 0.001) resulted in a reduced odds of a positive UCx. On multivariable LR analysis assessing for independent UM predictors of positive UCx, 26-50 WBCs per HPF (OR 3.09, 95% CI 1.4-6.7, P = 0.004) and >50 WBCs per HPF (OR 13.6, 95% CI 6.4-29.0, P < 0.001) were strong predictors for positive UCx. In addition, moderate/many bacteria in the urine (OR 16.8, 95% CI 8.3-33.9, P < 0.001) was a strong predictor for positive UCx. Moderate/many squamous epithelial cells were also associated with an increased odds of UCx positivity (OR 3.1, 95% CI 1.4-7.1, P = 0.01). Similar to the UA results, increasing RBCs in the urine were associated with a reduced odds of UCx positivity (>50 RBCs per HPF: OR 0.33, 95% CI 0.16-0.69, P = 0.003).
The sensitivity, specificity, PPV, NPV, accuracy, positive likelihood ratio and negative likelihood ratio were calculated for each UA and UM variable (Table S2) . A positive UA (as defined above) had the best overall performance characteristics with a sensitivity of 0.55, specificity of 0.94, PPV of 0.65 and NPV of 0.91. Based on these data, we implemented a reflex UCx program in our urology clinic in January 2016 in coordination with our urine laboratory. In the first 3 months of implementation, just 17-27% of the UA were reflexively cultured based on the results of the UA, which was significantly reduced from the nearly 88% of urine that was cultured during the study time-period. The urology providers had the flexibility to order a "do not cancel" UCx in which the UCx would be obtained even if the UA was "normal." This order was designed for situations where a UCx might still be clinically indicated even if the patient's UA fell within the pre-defined "normal" range (most commonly for preoperative patients that were going to have urinary tract instrumentation).
Discussion
Our analyses showed that urine WBCs, positive nitrites and/or bacteriuria were associated with positive UCx, and that microscopic hematuria was associated with a reduced odds of positive UCx. The present study provides an in-depth evaluation of UA and UM parameters in a large cohort of patients in an ambulatory urology clinic in an effort to improve antibiotic stewardship and inform the design of a reflex UCx pathway. These efforts are critical for our patients and health systems as we work to improve the quality of care yet reduce costs. We were also able to use our own data to successfully implement a reflex UCx program with the implications of significant reductions in healthcare costs and improved antibiotic stewardship. The implementation of a reflex UCx program into any health system is a logical solution to help contain costs, minimize potentially unnecessary testing and foster antimicrobial stewardship. The results of the urine testing only changed management 3% of the time in our cohort exclusively for the treatment of symptomatic non-febrile UTI. Patients with febrile UTI should submit urine studies and be treated with antibiotics empirically based on normal clinical parameters. The implications of the present study are specifically for the non-febrile ambulatory urological patient. Before implementation of such a program, the association of UA and UM parameters with UCx results should be validated in the clinical setting and environment of the planned implementation. For instance, Fok et al. carried out a retrospective review of all male patients that presented to their urology clinic to determine the predictive value of urine WBC for the presence of a positive UCx. 2 Using a cutpoint of >5 WBCs per HPF as a trigger to run a UCx would miss only 7% of positive UCx and avoid 69% of all UCx. We found slightly higher rates of positive UCx (11%) in our patients with ≤5 WBCs per HPF. When we used a combined approach adding the data from the UA and UM, a "normal UA" would miss just 8.7% of positive UCx in our patient population. Combining the available laboratory parameters seemed to be a more logical approach and informed our reflex UCx "threshold," which we felt comfortable accepting knowing that we might miss up to 8.7% of positive UCx by adopting this strategy.
In addition to reflex UCx pathways, other strategies have been identified to decrease urine testing while maintaining or even improving the quality of care of these patients. It is a common practice for ambulatory urology clinic patients to submit urine testing before provider assessment. To address this, we carried out a quality improvement initiative at our local VA urology clinic, and were able to significantly reduce the rates of UCx (64.2% pre-intervention vs 49.6% post-intervention, P < 0.001) by having the provider assess the patient before obtaining the urine tests. Selective ordering resulted in a nearly $5000 per month cost savings in UCx costs alone not including the price of manpower. Another impetus to avoid UCx testing is to decrease the likelihood of treatment for ASB. Unnecessary antibiotic treatment of ASB is common, occurring in up to 83% of patients, 4, 5 which undermines patient safety initiatives due to increased risk of development of resistant organisms, adverse drug events, Clostridium difficile infection and contributes to increased length of stay. 2, 10, 11 Therefore, "Kicking CAUTI: The No Knee-Jerk Antibiotics Campaign" was built with the objective of decreasing UCx ordering in ASB patients, as a positive UCx might be tempting to treat. 6, 7 The intervention for this campaign was multifaceted via case-based audit and feedback, and an actionable algorithm. 12 The results were significant, as overtreatment of ASB at the intervention site reduced significantly during the intervention period (from 1.6 to 0.6 per 1000 bed-days; incidence rate ratio 0.35, 95% CI 0.22-0.55, P < 0.001). 8 The reduction in treatment of ASB was also mirrored by a reduction in the number of UCx ordered. In summary, several strategies are possible to decrease potentially unnecessary urine testing, including a reflex UCx program, provider evaluation of the patient before ordering urine tests, case-based audit and feedback, and an actionable algorithm.
There were several limitations of the present study that deserve mention. The results might not be generalizable given that a majority of the patients were older, white and male. Second, this was a retrospective chart review with inherent selection bias given that not all patients evaluated in the urology clinic underwent urine testing, which could potentially confound the results. In addition, the nitrite test might be influenced by diet and urine storage time variables we are not able to account for in this retrospective dataset. Also, given its retrospective nature, it is challenging to correlate the results of the urine testing with the presence or absence of new or changing lower urinary tract symptoms given that many of these patients had pre-existing lower urinary tract symptoms. Notably, our prior work in this cohort of patients showed that the results of the urine testing rarely resulted in a change in management (just 3%) with no treatment for ASB. 9 Nevertheless, this was a large cohort study in which nearly two in three eligible patients underwent urine testing. This provided a large and robust sample of patients to assess the predictive ability of UA and UM parameters for UCx results to help guide the development of a reflex UCx program. A similar analysis should be carried out at each institution to guide the design of an institution-specific reflex UCx program to help reduce unnecessary UCx, decrease costs and foster antibiotic stewardship.
In conclusion, a UA that is positive for nitrites and/or positive for WBCs with bacteria in our VA urology clinic had a strong association with a positive UCx and the best NPV. Therefore, we used these criteria to design and implement a reflex UCx program that significantly decreased the rates of UCx and their associated costs. A similar design should be considered at each individual institution due to potential bias and differences in patient populations. 
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